A rapid (30-mm) semiautomated continuous-flow procedure is described for use in assessing the phospholipids of the particulate ("lamellar body") fraction of human amniotic fluid. The method is based on measuring the difference in fluorescence of 1,6,-diphenyl-1 ,3,5-hexatriene added to amniotic fluid before and after micropore filtration. The filtration step removes "lamellar body" particles, which are considered to contain the fetal lung surfactant. The phospholipid values for the filtered particles are independent of background fluorescence, which increases when amniotic fluid is contaminated by bilirubin pigments or blood components. Over a wide range (3-150 mol/L) the fluorescence increases linearly with the phospholipid concentration of the amniotic fluid. There is a good agreement between the value for particulate "lamellar body" phospholipid, the ratio of the "lamellar body" phospholipids to total amniotic fluid phospholipids, and the lecithmn/sphingomyelmn ratio.
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Additional Keyphrases: fetal status ultrafiltration lecithin/sphingomyelin ratio cutoff value continuousflow analysis
Determination of the lecithinlsphingomyelin (US) ratio in amniotic fluid (AF), introduced by Gluck et a!.
(1), has gained widespread clinical acceptance.' However, it is time consuming and-difficult to standardize (2) . Estimation of the lecithin content of AF has also been advocated as a measure of fetal lung maturity (3) , but this procedure also is laborious and requires some expertise.
Recently Duck-Chong et al. (4) described a new index of fetal lung maturity, viz., the lamellar body phospholipid content of AF, which when compared with the US ratio offered some advantages to the clinician (5) . Their method of isolation of surfactant by centrifugation is based on the fact that the lamellar body differs in density from other components of AF. In addition, Oulton (6) showed that lamellated structures are concentrated in the pellet obtained by differential centrifugation of amniotic fluid between 140 x g and 10000 x g and that the phospholipid content of this pellet also reflects lung maturity. The lamellated structures in AF are about 1-2 m in diameter (6) . We have therefore developed a new technique of isolation of a "lamellar body" fraction (LP) by micropore filtration (7) . Application of this filtration procedure, or of the centriftigation procedure described by Oulton (6) , to lung fluids from fetal lambs yielded similar "lamellar body" contents, and the amount of phospholipids determined in the pellet after centriftigation or filtration increased with gestational age (8) . It should be noted that neither of these methods is specific for lamellar body phospholipids.
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Any particle of appropriate size would beretained in the LP fraction, while any particle with the appropriate sedimentation characteristics would contribute to the pellet in the centrifugation method. However, it seems likely that most of the phospholipids in these fractions are of lamellar body origin, at least in AF collected after the fetal lungs are mature (9 
Materials and Methods
AF samples, obtained either by amniocentesis or at parturition, were promptly centrifuged for 10 mm at 1500 x g.
For the colorimetric estimation of the total phospholipid content (TPL) of AF in terms of phosphorus, we analyzed 2-mL portions according to the method of Bhagwanani et a!.
(3).
To determine the phospholipid content of the filtrate, we first passed 3 mL of AF through a stirred ultrafiltration cell (Model 12; Amicon Corp., Lexington, MA 02173) containing a micropore filter of 0.45-sm pore size, under a positive pressure of 4.5 N/rn2. After the fluid has passed through the ifiter, the cell was washed under pressure with 3 mL of isotonic saline. This washing was combined with the filtrate and the phospholipid content was then estimated colorimetrically in the same way as the TPL content (3). For the fluorescence measurements, 0.3 mL of the unfiltered AF or 0.6 mL of the filtrate was diluted to 3 mL with saline and this was introduced into the sampler shown in For both the fluorometric and colorimetric methods, to calculate the concentration of the particulate ("larnellar body") phospholipids, we subtracted the phospholipid content of the filtrate from the total phospholipid value of AF before filtration.
The US ratio after acetone precipitation was estimated according to Merkus et al. (12) . We corrected our findings for this ratio for differences in stainability between lecithin and sphingomyelin, afterwhich a cutoff value of US = 2.0 was obtained. In the determination of the various correlation coefficients (13) we used only samples obtained during the "critical" period of gestation, from 30 to 37 weeks. In Table 1 the US ratio and the corresponding fluorornetrically determined phospholipid values of AF are compared. Assay results that would be equivalent to an US ratio of 2.0 were estimated by linear regression; for LP this value is 18 mol/L and for the LP/TPL ratio, 0.35. Disagreement be. tween the US ratio and the LP or LPITPL values was observed in five of the 51 samples analyzed.
Results

Discussion
With our modification of the DPH phospholipid method does not always give correct values for total phospholipid (TPL), presumably because it is affected by such factors as intrinsic fluorescence (11) and phospholipid class and degree of dispersion (14). We noticed in a pilot study that the fluorescence of pellet material, obtained after centrifugation at 10 000 x g, was seriously influenced by the degree of resuspension. Overestimated values, the result of high background fluorescence both in the filtered and unfiltered fractions of AF, are seen in meconium-and blood-contaminated samples and in yellow AF of patients with Rh-factor complications. Nevertheless, the fluorometric LP values correlate well with Separation of particulate and non-particulate phospholipids is therefore essential.
The DPH fluorescence method was applied to AF material that was also used for the estimation of the US ratio. Oulton (6) determined the phospholipid content in the 10 000 x g pellet of AF (lamellar body fraction) and found the same rate of disagreement between LP and US results that we did. However, our cutoff value of 18 mol/L is far smaller than those presented by Oulton et al. So far, we do not have enough clinical results to establish whether the LP and LP/TPL values are better than the US ratio in predicting respiratory distress syndrome. Nevertheless, the sensitivity, reproducibility, and simplicity of the DPH phospholipid estimation, combined with a step for lamellar body separation (which increases the specificity for estimating surfactant phospholipids), are strong arguments favoring further evaluation of this rapid, automated procedure. 7) gives a background absorbance of 1.4 A when extended to erythrocyte cholinesterase (EC 3.1.1.8) measurement, because the peak absorbance of the reaction product, 5-thionitrobenzoate, coincides with the hemoglobin Soret band at 410 nm. Consequently, the precision of erythrocyte cholinesterase measurements is poor, and the test is restricted to laboratories with a spectrophotometer having a high signal-to-noise ratio. Use of the detergent benzethonium chloride (Hyamine 1622) instead of quinidine sulfate to stop enzyme action allows readings to be made at 440 nm because the hemoglobin band is shifted to 405 nm and its peak intensity is decreased. Moreover, detergent micelle interactions shift the peak absorbance of the 5-thionitrobenzoate from 410 to 435 nm. Overall, the blank absorbance is decreased to about 0.4 A. This results in an assay that is twice as precise as the previous version and is suited for use in a routine laboratory with a moderate-quality spectrophotometer.
Thus erythrocyte cholinesterase measurements can readily be made, to complement plasma cholinesterase in the investigation of exposure to organophosphates. analyzer (18). We have found that the absorbance peak of 5-thionitrobenzoate is shifted from 410 to 435 nm in the presence of the cationic detergent benzethonium chloride (Hyamine 1622). An added advantage is that the Soret band of hemoglobin is shifted to a shorter wavelength and the ma.ximum absorbance is decreased by about half; this has been attributed to the formation of methemoglobin (15). Thus, overall, addition of this detergent decreases back-
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